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Abstract 
This paper reports a case study of a Chinese-speaking dysgraphic patient, NMY. Among his 
written errors in written naming and writing-to-dictation were phonologically plausible errors.  
Since his semantic processing of content words were hypothesized to be largely intact, as 
evidenced by normal performance on non-verbal semantic tests and word-picture matching, 
the occurrence of such errors provides evidence supporting previous proposals about the 
existence of non-semantic pathway of writing Chinese and the access from phonological 
output lexicon to orthographic output lexicon. In addition, the percentage of substituted or 
inserted signific radicals that were semantically related to the target words were shown to be 
higher than chance level. It provides supporting data for the existence of radical level in 
Chinese lexical processing and the direct connections between this level and the semantic 
units.  
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A Case Study of Cantonese Acquired Dysgraphia –  
Data for the Organization of the Orthographic Lexicon 
Dysgraphia, or acquired writing disorder, is generally perceived by aphasic patients as 
much less of a problem than reading difficulty. Until recently, it remained to be a relatively 
unattended domain of investigation by neuropsychologists. In the literature, there is a rich 
source of information from studies using brain-damaged patients for developing 
psycholinguistic theories concerning alphabetic writing system such as English and Italian 
(Bedecker, Hillis, & Caramazza, 1990; Caramazza & Micelie, 1990; Folk, Rapp & Goldrick, 
2002). In these studies, the functional architecture of alphabetic writing systems and the 
structure of graphemic representations were proposed and argued. On the contrary, little is 
known about the Chinese writing processes, although there are numerous studies on reading 
in terms of character naming and recognition (e.g. Taft & Zhu, 1997; Feldman & Siok, 1999; 
Taft, Zhu, & Peng, 1999; Li & Chen, 1999). 
The Chinese writing system is logographic in nature. All its characters are 
monosyllabic while most of them can function as free-standing morphemes. Chinese 
characters are made up of spatial arrangements of different strokes, which in turn are 
organized into different constituents, which may further combine into more complex 
characters. Different from that of alphabetic scripts, there is no component in Chinese 
characters corresponding to a phoneme. However, it does not mean that Chinese logographs 
do not contain any phonological information. According to Law and Or (2001), more than 
80% of Chinese characters are composed of two discrete elements, the semantic radical (or 
signific) and the phonetic radical. These characters are known as phonetic compounds. The 
signific, which is often located on the left-hand side of the character, provides information 
about the meaning of the character while the phonetic radical, which often appears on the 
right-hand side of the character, provides a clue about the pronunciation of the phonetic 
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compound. As summarized in Law and Caramazza (1995), the pronunciation of a phonetic 
compound can be identical, similar or completely unrelated to the pronunciation of its 
phonetic radical. Therefore, it is not always possible to arrive at a correct pronunciation of a 
phonetic compound based on the phonetic radical. Because of these differences in form-sound 
mapping between Chinese and alphabetic writing systems, questions arise about the 
functional architecture of the Chinese lexical system and about the structures of orthographic 
representations of Chinese characters.  
In recent years, there are a number of detailed case studies of Chinese brain damaged 
patient with acquired dysgraphia and/or dyslexia. In these studies, a functional architecture of 
the Chinese lexical system was proposed. Law and Or (2001) have constructed an argument 
concerning the existence of lexically-mediated non-semantic pathway of writing Chinese. In 
their study, an anomic Cantonese-speaking patient CML demonstrated greater success in 
writing-to-dictation than written naming. From the results of the semantic tests, CML was 
hypothesized to have a mild impairment in the semantic system. When the semantic system 
could not support the retrieval of orthographic representations for writing, the greater 
likelihood of accessing target orthographic representations in writing-to-dictation than in 
written naming should be attributed by a source other than the semantic system. In other 
words, writing to dictation can be achieved via the semantic pathway, i.e. from phonological 
units to semantic system to orthographic units, or the lexically-mediated non-semantic 
pathway, i.e. direct access from phonological representations to orthographic representations. 
Together with the production of homophones in writing-to-dictation, the dissociation of 
performance in the two writing tasks constitutes evidence for direction activation of 
orthography from phonology. Based on CML’s errors in oral and written naming, the 
connections among the modules of form representations were further proposed. More 
specifically, the neologistic responses of CML in oral naming were also involved in her 
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written naming. By assuming that there is an input/output distinction in the processing of 
phonological and orthographical information, the correspondence between the unrelated 
syllables inserted in CML’s oral naming and the extraneous characters in her jargon responses 
in written naming leads to a further argument that there is an access from the phonological 
output lexicon to the orthographic output lexicon. 
 The characteristics of writing errors produced by another Cantonese acquired 
dysgraphic patient, TUA, reported in Reich, Chou and Patterson (2003) have also led to a 
conclusion about the direct activation of orthography by phonology. In that study, TUA had a 
relatively selective dysgraphia characterized by difficulty in dictating lower-frequency 
characters. The majority of his errors were homophones of, or phonologically similar to, the 
target items. This error pattern was accompanied by an adequate ability to define lower-
frequency target items and an unusual pattern of being more successful at written-picture 
naming than writing-to-dictation of the same target items. Reich et al proposed that TUA had 
a disrupted ability in activating the lower-frequency orthographic representations, especially 
when a competition existed between the target character and a higher-frequency character 
with a similar pronunciation as the target item. In the case of writing-to-dictation, subsequent 
semantic information compatible only with the lower-frequency target was ineffective in 
suppressing the activation from the phonological lexicon and replacing the higher-frequency 
character. On the contrary, in written naming, when orthographic activation was initiated by 
an unambiguous semantic code, the correct orthographic representations would be more likely 
to be retrieved. This argument explains the dissociation of performance between the two 
writing tasks. Although the same conclusion as in Law and Or (2001) has been reached, the 
patients in the two studies demonstrated an almost opposite pattern of performance.  
Law (in press) has very recently constructed a very similar line of argument 
concerning direct access from phonological lexicon to the orthographic lexicon. Evidence for 
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this claim comes from a Cantonese-speaking patient CK with a largely preserved lexico-
semantic system. Unambiguous phonologically plausible errors, which were mostly 
homophones, appeared in his writing responses in both writing-to-dictation task and written 
naming task. Although there was no dissociation in performance between these tasks, unlike 
that reported in Law and Or (2001) and Reich et al, the production of homophonous error in 
the two tasks by CK strengthens the argument of access from phonological to orthographic 
lexicon in Chinese writing system.  Law (in press) further argued for the access from 
phonological output to orthographic output lexicon. In written naming task, the picture stimuli 
activate the corresponding semantic features of the semantic system, which in turn access the 
phonological output lexicon and the orthographic output lexicon simultaneously. The 
activated phonological representations may further address the orthographic output lexicon. 
Hence, the presence of phonological plausible errors in written naming task established 
evidence for access from phonological output to orthographic output lexicon. This is a similar 
claim as in Law and Or (2001), although based on a different observation.  
These three studies, together with studies focusing on normal subjects’ performance of 
reading aloud and lexical decision latencies of single characters and compound words (e.g. 
Taft, Liu, & Zhu, 1999; Taft & Zhu, 1997; Taft, Zhu, et al., 1999; Zhou & Marslen-Wilson, 
2000), have reached a consensus that the Chinese mental lexicon consists of three components 
including the lexico-semantic system, orthographic representations and phonological 
representations. While relatively little detail within the orthographic and phonological 
components is given in the framework of Zhou and Marslen-Wilson, Law and Or (2001) 
argued that the occurrence of tonal errors in CML’s reading aloud reflect the nonlinear 
structure of the phonological representations, which is similar to what has been proposed in 
autosegmental phonology. Specific impairment to the representations of segmental or 
suprasegmental level may lead to a dissociation between these two types of information. 
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However, this study gave little insight about the structures of orthographic representations. By 
analyzing the non-character responses of CK, Law (in press) found that most of his error 
maintained the configuration of the target. Therefore, it was put forward that orthographic 
representations contain not only information on the identity of the components, but also 
structural information on the configuration and position of the components. Taft and 
colleagues have also discussed about the structure of orthographic lexicon. It is made up of 
different levels of units hierarchically arranged corresponding to strokes, radicals (signific and 
phonetic), characters and words respectively. This model is depicted in Figure.1.  
 
 
 
Figure 1. A multilevel interactive-activation framework for processing Chinese characters. 
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In this multilevel interactive-activation framework, there is an excitatory connection 
between two units if they are in different levels while there is an inhibitory connection 
between two units of the same level. The semantic units can be linked to units at all but the 
stroke level because the radicals, characters and compound words can all be associated with 
meanings.  For example, when the regular phonetic compound 鎂 mei6 ‘magnesium’ is 
visually presented, it activates the orthographic units representing the signific radical 金, the 
phonetic radical 美 mei6 and the character 鎂. The signific radical then accesses the semantic 
features related to ‘gold’ and ‘metal’ while the character accesses the semantic features 
related to the metal magnesium in the semantic units. In the literature, the nature of the 
radical-level representation in the orthographic system and the processing of semantic radicals 
have been discussed. Taft and Zhu (1997) have pointed to the involvement of radicals in 
lexical processing by demonstrating the effect of occurrence frequency of radicals on 
character decision responses. Taft, Zhu, et al. (1999) have also argued for the existence of a 
radical level of representation and showed that positional information was crucial in 
activating radical information during character recognition. By showing that the low 
frequency characters with semantically transparent radicals were generally recognized faster 
and more accurately than those with opaque ones, Li and Chen (1999) proposed that the 
semantic information represented in radicals was analyzed and passed on to the character 
level for processing. Feldman and Siok (1999) have also showed that semantic radicals were 
processed in the course of Chinese character recognition. In their experiment, a prime for 243 
ms was presented before the target character. Inhibition on target recognition was 
demonstrated when the prime shared the target’s radical but were not semantically related. It 
was proposed that the inhibition effect was attributed by the inconsistency in the meaning 
between the semantic radical and the whole character.        
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Results of the aforementioned studies inform the functional architecture of the Chinese 
lexical system and the organization of the orthographic lexicon. This paper adds to the 
previous studies through describing the writing performance of a Chinese-speaking patient 
with acquired dysgraphia. The characteristics of his written production in writing-to-dictation 
and written naming provide further evidence supporting the previously proposed functional 
architecture of the Chinese writing system. Besides, the non-character responses of the patient 
provide neurolingistic data supporting the involvement of signific radicals in lexical 
processing and the connections between the semantic features and semantic radicals.   
CASE REPORT 
NMY is a 62-year-old right-handed Hong Kong Chinese male with a Primary 6 
education (equivalent to six years of formal education). He was born in Mainland China and 
immigrated to Hong Kong when he was young. Both Cantonese and the dialect of Fu Jian are 
spoken. NMY worked as a school labor worker before he retired at the age of 60. In 1989, he 
suffered from a minor stroke presented with the loss of consciousness and left-sided 
hemiplegia. Good recovery was demonstrated. Follow up treatment and long-term 
medications were not needed.  On January 18, 2002, he suffered from a sudden onset of a 
second stroke presented with right-side numbness and weakness for five days. An acute CT 
scan showed right temporal old infarct and left thalamic hypodensity. After the onset, the 
patient was still ambulant.    
A Cantonese version of the Western Aphasia Battery (CAB) (Yiu, 1990) and a reading 
and writing screening test  (Law & Leung, 1999) were administered on August 12, 2003. 
Results of the former assessment showed that his auditory comprehension abilities were 
relatively intact (60/60 on auditory verbal comprehension; 58/60 on auditory word recognition 
and 76/80 on sequential commands). A total AQ score of 91.6 was obtained. His diagnosis 
based on the CAB was anomia. The results of the screening test reflected that he had specific 
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difficulty in writing (20/30 on written naming of nouns, 3/10 on written naming of verbs; 
21/30 on writing-to-dictation of nouns; 2/10 on writing-to-dictation of verbs; 13/15 on direct 
and 12/15 on delayed copying) while his reading ability and oral naming ability were 
relatively better (28/30 on reading aloud of nouns, 7/10 on reading aloud of verbs, 30/30 on 
oral naming of nouns and 10/10 on oral naming of verbs). The results of further assessment 
conducted between August 2003 and October 2003 are reported below.  
Method 
Tasks and materials 
A range of tasks was carried out to explore the nature of the writing impairment. 
These included i) non-verbal semantic tests, ii) spoken word-picture matching, iii) written-
word picture matching, iv) writing-to-dictation of object names, v) written naming and vi) 
writing-to-dictation of single words.  
The associative match task from the Birmingham Object Recognition Battery (BORB) 
(Riddoch & Humphreys, 1993) and the Pyramids and Palm Tree test (PPT) (Howard & 
Patterson, 1992) were used as the non-verbal semantic tests. Twenty-three and 37 culturally 
appropriate items were selected from BORB and PPT, respectively. By using these tasks, the 
intactness of the semantic system was deduced.  
The Snodgrass and Vanderwart picture set (1980) was used for spoken word-picture 
matching, written-word picture matching, writing-to-diction of object names and written 
naming. For the matching tasks (n = 126), a written stimulus or an auditory stimulus and three 
pictures, i.e. one showing the target object while the other showing a semantic distractor and 
an unrelated distractor with the same word length as that of the target were presented on each 
trial. Making the assumption that there is an input/output distinction in processing 
phonological and orthographic information, spoken-word picture matching could reflect the 
intactness of the phonological input lexicon while written-word picture matching could reflect 
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the intactness of the orthographic input lexicon. While for the writing-to-dictation of object 
names and written naming (n = 217), they were carried out to collect data of writing ability of 
NMY. As the same set of stimuli was used in these tasks, the error pattern could be compared.   
Items from various word lists of a dysgraphia and dyslexia battery for Cantonese 
Chinese, described by Law and Caramazza (1995) was used for the writing-to-dictation of 
single words (n = 390). These included the frequency list (n = 90), the imageability list (n = 
60 disyllabic words), the monosyllabic form class (n = 60) and the disyllabic form class lists 
(n = 60) with equal number of nouns, verbs and functors and the phonetic radical list (n = 120) 
which contained phonetic compounds with varying degrees of phonological similarity 
between the phonetic radical and the corresponding character, and different positions of 
phonetic radicals.  Due to the fact that homophones are common in Chinese lexical system, 
during the assessment, monosyllabic stimuli were presented in a word context to ensure that 
NMY was clear about the particular character being dictated. As the test items were carefully 
controlled for word frequency, word imageability and form class, the effects of these factors 
on NMY’s writing performance could be detected.   
Error analysis of written production 
As many non-characters, most of which contained stroke errors, were found in NMY’s 
written responses, two Cantonese-speaking adults of at least secondary education were invited 
to identify the intended response of non-character output produced by the patient. For 
example, when the non-character  was produced, the two judges would be asked 
independently to identify this non-character output. Once the responses of the two judges 
agreed with each other, the intended response of the patient could be identified. In other 
words, if both judges identified the output  as 帽, the intended response of the patient was 
帽. If either one of the judges could not identify the character or the responses of the two 
judges did not agree with each other, the non-character would be considered to have no 
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identifiable intended response. The intended responses being identified were used for the 
categorization of written errors. The definitions and examples of different error types at word 
level are shown as follows.  
(i) Semantic error – The response or intended response was of the same semantic category 
of the target (螞蟻 maa5ngai5 ‘ant’ Æ 蚊 man1 ‘mosquito’), description of the target 
(褸 lau1 ‘jacket’ Æ 外衣服 ngoi6ji1fuk6 ‘outside clothes’), formed a word with the 
target (蒼 cong1 ‘white’ Æ 白 baak6 ‘white’) or was a combination of two words 
which were semantically related to the targets (檸檬 ling4mung1 ‘lemon’ Æ 檬果 
mung1gwo2 ‘lemon-fruit’).  
(ii) Phonological plausible error – The response or intended response was orthographically 
unlike the target, and was homophonous with (頭髮 tau4faat3 ‘hair’ Æ 頭發 tau4faat3 
‘head-rich’) or phonologically similar to the target to the extent that they shared at least 
half of the phonetic features (生菜 saang1coi3 ‘lettuce’ Æ 山菜 saan1coi3 ‘mountain-
vegetable’). 
(iii) Orthographically similar error – Real character response had one or more character 
constituents in common with the target (唱機 ceong3gei1 ‘music player’ Æ 喝機 
hot3gei1 ‘drink-machine’) or the intended response was judged to be the same as the 
target (帽 mou2 ‘cap’ Æ ).  
(iv) Phonologically and orthographically similar error – For example, 較剪 kaau3zin2 
‘scissors’ Æ 交剪 kaau1zin2 ‘give-scissors’. 
(v) Semantic and orthographically similar error – For example, 壘球棒 lui4kau4paang5 
‘baseball bat’ Æ 木球捧 muk6kau4pung2 ‘wood ball-hold’.  
(vi) Semantic, orthographically and phonologically similar error – For example, 蘑菇 
mo4gu1 ‘mushroom’ Æ 冬姑 dung1gu1 ‘winter-aunt’. The word 冬菇 dung1gu1 
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‘Chinese mushroom’ was semantically related to target and was phonologically 
identical to the error response.  
(vii) Unrelated error – The response was unrelated to the target (弄 lung6 ‘make’ Æ 絕 zyt6 
‘limit’) or no recognizable intended response was recognized. 
(viii) Partial error – Part of the target was correctly produced while the other part was deleted 
(士多啤梨 si6do1be1lei2 ‘strawberry’ Æ 士), unrelated to the target  (胡椒粉樽 
wu4ziu1fan2zeon1 ‘pepper powder bottle’ Æ 胡椒料 wuziu1liu2 ‘pepper-material’) or 
was a non-character.  
For the non-character output, substitution, deletion and insertion of significs and 
phonetics were noted. In the literature, significs of Chinese characters had not been clearly 
defined. Therefore, a survey was carried out to construct the signific inventory for the 
categorization of error. In this survey, five informants who were final year undergraduates of 
Speech and Hearing Sciences in the University of Hong Kong were asked to evaluate if each 
of the 247 部首 bushou in a Chinese dictionary was associated with some meaning. They 
were also asked to write down the meaning. If two or more informants considered that a 
particular bushou had a meaning, that bushou would then be regarded as a signific radical. A 
total of 106 bushou were regarded as signific radicals (See appendix for the inventory of 
signific radicals and their corresponding meaning). In order to find out if the signific radicals 
were randomly substituted or inserted by the patients, the five informants were also asked to 
determine if the significs being substituted or inserted were semantically related to the target 
words. For example when 麵包 ‘bread’ is written as 包, the signific radical 米 being 
substituted is semantically related to the target word since this radical is related to cereal and 
food. The production of 熊 ‘bear’ as  should be regarded as non-character response 
involving the insertion of semantically related signific because the signific radical 犭 is 
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related to wild animal. While the previous examples involve the substitution or insertion of 
semantically related significs, substitution of the signific radical 忄 in the word 杯 ‘cup’ as in 
 is an example of substitution of unrelated signific because the signific radical 忄 is related 
to feeling and emotion. If two or more of the informants claimed a semantic relation for a 
particular signific radical-target word pair, this signific radical would be regarded as 
semantically related to the target word. For those non-characters that could not be classified as 
error related to the signific and/or phonetic components, they would be classified in terms of 
substitution, deletion, insertion and transposition of constituent or stroke, mixed stroke and/or 
constituent errors and unclassifiable errors.  
Results 
NMY performed within normal range on the BORB (21/23) and the PPT (32/37), 
made few errors on spoken word-picture matching (123/126) and written word-picture 
matching (122/126). These results suggest that semantic processing of content words in NMY 
was largely intact.  
NMY’s performance on the written tasks was far poorer. He obtained 58.2% accuracy 
(227/390) on dictating single words, 47.9% (104/217) on writing-to-dictation of object names, 
and 48.4% (105/217) on written naming, respectively. In other words, NMY performed better 
in dictating single words while his performance on dictating object names was comparable to 
that of written naming. The correct response rates of the various word lists were (i) frequency: 
high (36/45 or 80.0%) vs. low (24/36 or 66.7%), (ii) imageability: high (15/30 or 50.0%) vs. 
low (13/30 or 43.3%), (iii) form class: functors (26/40 or 65.0%) vs. nouns (28/40 or 70.0%) 
vs. verbs (29/40 or 72.5%), (iv) phonetic compounds: phonological similarity between 
phonetic radical and phonetic compound – identical (17/40 or 42.5%) vs. similar (19/40 or 
47.5%) vs. unrelated (20/40 or 50.0%); position of phonetic radical – left (15/30 or 50.0%) vs. 
right (13/30 or 43.3%) vs. top (12/30 or 40.0%) vs. bottom (16/30 or 53.3%). NMY wrote 
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high frequency words significantly better than low frequency words [χ2(1) = 7.20, p < .05]. 
No effects of imageability, form class, phonological similarity and position of phonetic 
radicals were observed.  The distribution of errors over various error types at word level is 
shown in Table 1.  
A comparison between the distribution of errors between written naming and that of 
writing-to-dictation of object names showed that NMY produced more semantic errors that 
might or might not be orthographically similar and phonologically plausible to their target in 
written naming (16.6% vs. 3.2%). On the other hand, he produced more phonologically 
plausible errors that might or might not be orthographically similar to their target in dictating 
object names (14.7% vs.6.0%). 
The distribution of errors in non-characters is given in Table 2. In all three writing 
tasks, there were a significant proportion of errors belonging to the category of ‘others’. 
Within this error type, stroke errors were the most frequent. Signific insertion and substitution 
errors accounted for 28.7%, 22.0% and 12.7% of all non-characters in written naming, 
writing-to-dictation of object names and writing-to-dictation of single words, respectively. 
These errors occurred more frequently than those involving the phonetic component.  
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Table 1 
Distribution of Errors at Word Level 
  Written naming (n = 217) Dictation of object names (n = 217) Writing to Dictation (n = 390) 
Correct Response 104 (47.93%) 105 (48.39%) 227 (58.21%)  
Semantic 33 (15.21%) 7 (3.23%) 14 (3.59%)  
Phonological plausible 5 (2.30%) 17 (7.83%) 48 (12.31%)  
Orthographically similar 49 (22.58%) 62 (28.57%) 40 (10.26%)  
Phonological & orthographically similar 7 (3.23%) 15 (6.91%) 25 (6.41%)  
Semantic & orthographically similar 2 (0.92%) 0 (0.00%) 0 (0.00%)  
Semantic, phonologically & orthographically similar 1 (0.46%) 0 (0.00%) 0 (0.00%)  
Partial 5 (2.30%) 7 (3.23%) 4 (1.03%)  
Unrelated 10 (4.61%) 4 (1.84%) 24 (6.15%)  
No Response 1 (0.46%)  0 (0.00%)  8 (2.05%)   
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Table 2 
Distribution of Errors in Non-characters 
  Written naming (n = 87) Dictation of object names (n = 91) Writing to Dictation (n =79) 
Signific          
Substitution 11 (12.64%)  13 (14.29%)  10 (12.66%)  
Deletion 2 (2.30%)  2 (2.20%)  0 (0.00%)  
Insertion 10 (11.49%)  5 (5.49%)  0 (0.00%)  
Insertion & substitution 3 (3.45%)  0 (0.00%)  0 (0.00%)  
Phonetic substitution 1 (1.15%)  2 (2.20%)  2 (2.53%)  
Signific and phonetic substitution 1 (1.15%)  1 (1.10%)  0 (0.00%)  
Signific insertion & phonetic deletion 0 (0.00%)  1 (1.10%)  0 (0.00%)  
Others 54 (62.07%)  65 (71.43%)  59 (74.68%)  
Constituent    
Substitution 20 (22.99%)  25 (27.47%)  21 (26.58%)  
Deletion 1 (1.15%)  1 (1.10%)  1 (1.27%)  
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Insertion 1 (1.15%)  0 (0.00%)  0 (0.00%)  
Stroke    
Substitution 2 (2.30%)  4 (4.40%)  3 (3.80%)  
Deletion 13 (14.94%)  17 (18.68%)  18 (22.78%)  
Insertion 7 (8.05%)  9 (9.89%)  9 (11.39%)  
Transposition  1 (1.15%)  0 (0.00%)  0 (0.00%)  
Mixed error 5 (5.75%)  7 (7.69%)  7 (8.86%)  
Unclassifiable error  4 (4.60%)  2 (2.20%)  0 (0.00%)  
Unrelated error 5 (5.75%)   2 (2.20%)   8 (10.13%)   
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A question of particular interest was whether the signific radicals being substituted or 
inserted were semantically related to the target words. The results of the survey showed that 
76.0%, 70.0% and 20.0% of substituted or inserted significs were semantically related to the 
target words in written naming, writing-to-dictation of object names and writing-to-dictation 
of single words, respectively. In order to find out if randomly substituting or inserting the 
signific radicals would result in semantically related signific substitution or insertion, the 
average chance level was calculated. By using the signific inventory developed from the 
survey mentioned earlier, the number of significs that are semantically related to each of the 
target words was counted. The chance level of substituting or inserting a semantically related 
signific for each target word was calculated by dividing the number of semantically related 
significs by the total number of signific radicals in the signific inventory, i.e. 106. The 
average chance level was then obtained. By using this method, the average chance level was 
found to be 4.39%, which was far below the percentage of semantically related significs being 
substituted or inserted in the three written tasks.  
To conclude, NMY performed within normal range on non-verbal semantic tasks and 
word comprehension tasks. However, he performed poorly on written tasks. In dictating 
single words, NMY performed significantly better in high frequency words than in low 
frequency words. Comparison between writing-to-dictation and written naming showed 
different error patterns. Finally, in non-character responses, signific insertion and substitution 
errors occurred more frequently than errors involving phonetic components. Further analysis 
shows that the percentage of semantically related significs being substituted or inserted in the 
three written tasks were higher than chance level.  
Discussion 
NMY’s performance on non-verbal semantics tasks and the word-picture matching 
tasks suggests that the semantic system is largely preserved. Making the assumption of an 
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input/output distinction in processing phonological and orthographic information, the nearly 
perfect performance on spoken word-picture matching and written word-picture matching 
tasks indicates largely preserved phonological input lexicon and orthographic input lexicon, 
respectively. Therefore, the much lower performance on the writing tasks is hypothesized to 
be the result of deficit in accessing the orthographic output lexicon or the deficit of the 
lexicon itself. This is evidenced by the production of semantic errors, orthographically similar 
errors, partial errors and unrelated errors.   
A comparison between writing-to-dictation of object names and written naming shows 
the differences in error pattern between the two tasks. More specifically, NMY produced 
more phonologically plausible errors that might or might not be orthographically similar to 
their target in dictating object names.  Although there is no dissociation between the tasks as 
in Law and Or (2001) and Reich et al. (2003), this error pattern strengthens the argument of 
non-semantic pathway of writing. In writing-to-dictation, the semantic pathway and the non-
semantic pathway provide two sources of activation to the target orthographic representation. 
The presentation of an auditory stimulus activates all the relevant representations having the 
same or similar pronunciations as the stimulus in the phonological lexicon, which in turn 
activate all the corresponding orthographic representations in the orthographic output lexicon 
through the non-semantic pathway. Under normal circumstances, the input from the semantic 
pathway would guide the selection of the correct orthographic representation. However, when 
the pathway or the orthographic lexicon itself is disrupted, the target unit might not have the 
highest level of activation. Instead, one of the non-target but activated orthographic 
representations might be produced. This explains the occurrence of phonologically plausible 
error in writing-to-dictation of object names.  
Although there was a higher proportion of phonologically plausible error in dictating 
object names, NMY also made such errors in written naming. The source of this type of error 
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can be argued to be associated with the mediated pathway of writing Chinese (Law, in press). 
In written naming, the semantic features activated by the picture stimulus might access the 
phonological output lexicon and the orthographic output lexicon simultaneously. The 
activated phonological representations might further address the corresponding orthographic 
representations, leading to the production of phonologically plausible errors. As the 
phonological representations are activated indirectly, in contrast with writing-to-dictation, 
phonological plausible errors would occur less frequently.  
Another aspect concerning the contrast between writing-to-dictation and written 
naming is that semantic errors were found in both tasks; nevertheless, their rate was much 
lower in the former than the latter task (3.59% and 3.23% vs. 15.21%). The discrepancy 
suggests the interaction of phonological information and semantic information in the selection 
of an orthographic representation in writing-to-dictation. A lower proportion of semantic 
errors in dictation tasks is due to the constraints of information from the phonological lexicon.   
It was presented earlier that a good proportion of NMY’s responses consisted of non-
existing characters resulting from substitution, deletion, insertion, or transposition of different 
character components including significs, phonetics, constituents and strokes. Of these error 
types, signific insertion or substitution made up quite a large proportion of the errors. In 
addition, the percentage of semantically related significs being substituted or inserted was 
found to be much higher than chance level. It implies that the significs were not randomly 
produced. It is plausible that the meanings of the significs were processed. If this is the case, 
we have evidence supporting the existence of radical level in the processing of Chinese 
characters and the direct linkage between the semantic radicals and the semantic units in the 
multilevel interactive-activation framework. In the writing tasks, when a stimulus is presented, 
either a picture or a spoken word, the information from the semantic unit activates all levels 
of the orthographic units except for the stroke level as stated in Taft, Liu, et al. (1999). At the 
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radical level, apart from the target radical, all the representations that are semantically related 
to the stimulus would also be activated. For example, when the picture of a candle is 
presented, the semantic feature of ‘light’ and ‘heat’ would address the radical level. All the 
signific radicals related to ‘light’ and ‘heat’, i.e. 火 and 灬 in this case, would be activated. 
Under normal circumstances, the target radical would have the highest activation. Besides, the 
inhibitory connection between the target radical and the other radicals would prevent the 
selection and production of non-target radicals. Eventually, only the target signific radical 
would be activated and produced. In the case of 蠟燭 ‘candle’, the target radical 虫, related to 
insects, would be activated and produced in the first character 蠟 while the target radical 火, 
meaning heat would be selected and produced in the second character 燭. However, if there is 
disruption at the orthographic level, the target signific radical might not have the highest 
activation or the inhibitory connections at the radical level might not function properly. Hence, 
the semantically related significs other than the target radical might be produced instead. As a 
result, the radical 火 might substitute the radical 虫 in the first character of 蠟燭, leading to 
the production of 燭, which was actually produced by NMY.  
Note that in the previous example, the substituting signific radical in the first character 
蠟 was in fact the target signific radical of the second character 燭. Questions naturally arise 
whether the substitution or insertion of semantically related significs in NMY’s written 
responses was the effect of anticipation or perserveration. Hence, the signific insertion and 
substitution errors in NMY’s written responses were reanalyzed. During the analysis, 17 cases 
that might be interpreted as anticipation or preservation were eliminated. Results show that 
36.0%, 35.0% and 20.0% of substituting or inserted signific radicals were semantically 
related to the target words in written naming, writing-to-dictation of object names and 
writing-to-dictation of single words, respectively. The recalculated percentages were still 
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higher than the average chance level of 4.39%, suggesting that the proposal of direct linkage 
between the semantic units and the semantic radicals is still supported.  
Although the percentage of semantically related signific substitution and insertion in 
all three written tasks were higher than the chance level, the percentage in writing-to-dictation 
of single words was lower than that of the other two writing tasks. This phenomenon can be 
explained by the fact that many of the target words used in writing-to-dictation of single 
words was of low imageability. These abstract words contain fewer physical features such as 
size and shapes, which affect the richness of semantic features. In turn, only a few or even no 
semantically related significs would be addressed and activated. While there is less 
competition for the unrelated significs, they would have a higher chance to be chosen and 
produced. 
It was mentioned earlier that most of the non-characters produced by NMY involved 
stroke errors, especially stroke deletion and stroke insertion. It is proposed that the stroke 
errors were the consequence of the weak exhibitory connection between the radical level and 
the stroke level and the deficient inhibitory connection at the stroke level. When the activation 
from the radical level to the stroke level is not high enough for activating the target stroke, 
stroke deletion occurred. When the inhibitory connection between the target stroke and the 
unrelated stroke could not function properly, the unrelated stroke could not be inhibited and 
stroke insertion would occur. If the activation of the unrelated stroke is higher than that of the 
target stroke, stroke substitution may also appear.  
By using the interactive-activation framework, error patterns including the substitution 
and insertion of semantically related signific radicals and different types of stroke errors could 
be explained. In this study, the non-character responses of NMY provide evidence supporting 
the existence of radical level in processing Chinese words. More importantly, it strongly 
suggests the direct connections between semantic features and semantic radicals in the 
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orthographic units. However, given very few non-characters involving phonetic radicals, the 
present data were insufficient to address the issue about the connection between the phonetic 
radical and the phonological units. Nevertheless, this remains an issue in need of evidential 
neurolinguistic data.  
Conclusion 
NMY’s production of unambiguous phonologically plausible errors in writing-to-dictation 
and written naming tasks strengthens the proposals about existence of non-semantic pathway 
of writing Chinese and the access from the phonological output lexicon to the orthographic 
output lexicon. The less frequent occurrence of semantic errors in dictating object names can 
be taken to indicate the interaction of phonological information and semantic information. In 
addition, the finding that the percentage of substituting or inserted signific radicals that are 
semantically related to their target was higher than chance level provides converging evidence 
for the existence of radical level in Chinese lexical processing and direct connections between 
this level with the semantic units. In short, observations from this case study reinforce 
previous proposals of the functional architecture of the Chinese writing system and shed light 
on the structure of the orthographic lexicon.  
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Appendix 
An inventory of signific radicals and their corresponding meaning 
Signific radicals Meaning 
亠 Related to the top 
人 Related to human beings 
冖 Related to coverings 
刀 Related to cutlery instruments 
力 Related to power and actions 
亻 Related to human beings 
刂 Related to cutlery instruments and their corresponding actions 
口 Related to the mouth and speech 
囗 Related to areas, farms and pen 
土 Related to soil and land 
女 Related to females 
子 Related to children, males and human beings 
宀 Related to coverings and something being covered 
山 Related to mountain 
工 Related to manual work 
巾 Related to cloth and clothing 
广 Related to houses and places being covered 
弓 Related to bow and arrow 
廴 Related to transportations and constructions 
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彳 Related to walking and humans 
忄 Related to the heart, thoughts, feelings and emotion 
扌 Related to the hands and their corresponding actions 
氵 Related to water and liquid 
犭 Related to animals  
心 Related to the heart, thoughts, feelings and emotion 
戈 Related to weapons and war 
戶 Related to family, houses, and places with covering 
手 Related to the hands and their corresponding actions 
文 Related to writing, essays and literatures 
日 Related to light, the sun and time 
曰 Related to speech 
月 Related to the moon 
木 Related to timber and plants 
歹 Related to death and something bad 
毛 Related to hair and feather 
气 Related to gases and chemistry 
水 Related to water and liquid 
火 Related to fire and heat 
爪 Related to claw and the corresponding actions 
父 Related to father and elder male 
爿 Related to flat board and bedrooms 
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牙 Related to the tooth 
牛 Related to animals and livestock 
犬 Related to dogs 
灬 Related to fire 
 Related to the heart 
礻 Related to the God and religions 
爫 Related to claw and animals 
 Related to jades and something good 
 Related to the body 
艹 Related to plants 
玉 Related to jades, jade articles, gem stones and ornaments 
瓜 Related gourds, melons and vegetables 
田 Related to areas and farmlands 
疒 Related to illnesses 
皿 Related to containers 
目 Related to the eyes 
矛 Related narrow things and weapons 
矢 Related to bow and arrow and body shapes 
石 Related to stones and something hard 
禾 Related to crops and cereals 
穴 Related to caves 
氺 Related to water 
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衤 Related to clothing and cloth 
歺 Related to food 
米 Related to cereal, rice and food 
糸 Related to silk and fabric 
缶 Related to big containers and ceramists 
网 Related to nets 
羽 Related to feather, wings and speed 
老 Related to elders 
耒 Related to cultivation and rice crops 
耳 Related to the ears and hearing 
肉 Related to meats 
臼 Related to tooth and joints 
舌 Related to the tongue and taste 
舟 Related to ships and transportations on water 
虫 Related to insects 
衣 Related clothing and cloth 
 Related to bamboo, rattan and something made of bamboo or rattan 
言 Related to speech 
豆 Related to bean  
豸 Related to cats and animals 
貝 Related to money 
足 Related to the feet and their corresponding actions 
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身 Related to the body 
車 Related to transportations and vehicles 
辰 Related to time 
酉 Related to wine 
金 Related to gold, money and metal 
門 Related to doors 
雨 Related to the weather, raining and water  
音 Related to music and sounds 
風 Related to wind and weather 
飛 Related to flying and something with wings 
食 Related eating and food 
馬 Related to horses and animals with four legs 
骨 Related to skeletons 
髟 Related to hair 
鬥 Related to quarreling and fighting 
鬼 Related to ghosts and spirits 
魚 Related to fish and animals living in water 
鳥 Related to birds 
麥 Related to wheat, food and something made of wheat 
鼠 Related to rats 
齒 Related to tooth 
 
